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[Abstract] Objective To construct an ensemble learning model based on the stacking strategy, and to
improve the stability of feature screening for high-dimensional, small-sample pulmonary fibrosis (PF) gene
expression data and to identify candidate key genes associated with the disease. Methods The PF transcriptome
datasets GSE70866 and GSE48149 were obtained from the Gene Expression Omnibus (GEO) database.
GSE70866 was used as the training set for model construction and feature selection, while GSE48149 was used
as an independent validation dataset to evaluate the model's generalization ability. Candidate key genes were
screened after data preprocessing and differential expression analysis. In this study, a stacking ensemble
framework composed of multiple base learners was constructed. Meta-features were generated through K-fold
cross-validation, and Logistic regression (LR) together with support vector machine (SVM) were employed as
Meta-learners for final classification. Model performance was evaluated using the F1-score and the area under
the curve (AUC), while candidate genes were identified based on feature importance ranking. Results The
constructed ensemble learning model demonstrated strong discriminative performance on the training dataset
GSE70866, achieving an Fl-score of 0.955 9 and an AUC of 0.948 2, outperforming individual models overall.
On the independent validation dataset GSE48149, the confusion matrix further indicated that the model
possessed good generalization capability. Based on integrated feature importance analysis across multiple
models, candidate key genes were identified, including thioredoxin-like protein 4B (TXNL4B), C-C motif
chemokine ligand 18 (CCL18), and ubiquitin-conjugating enzyme E2 Z (UBE2Z). Conclusion The stacking-
based ensemble learning framework can improve model stability and prediction accuracy under high-
dimensional, small-sample conditions, providing an effective method for screening candidate genes in

transcriptome data and offering data-level support for exploring PF-related molecular processes.
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Figure 1. Multilevel data flow diagram of PF genomics based on stacking ensemble learning
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Table 1. Optimal hyperparameter settings for different machine learning models

il ESHE

LR C=0.01; max_iter=1 000; penalty=12; solver=lbfgs

KNN n_neighbors=5; weights=distance

DT max_depth=5; min_samples_leaf=5

SVM C=1.0; gamma=scale; kernel=rbf

RF n_estimators=100; max_depth=5; min_samples_leaf=5

GBDT n_estimators=100; max_depth=5; min_samples_leaf=5

AdaBoost n_estimators=100; learning_rate=0.01

CatBoost iterations=300; learning rate=0.05; depth=6

XGBoost n_estimators=300; learning_rate=0.05; max_depth=4; subsample=0.8
LightGBM n_estimators=300; learning_rate=0.05; max_depth=4; subsample=0.8

F: LR: @RI, DT: 3R AdaBoost: HiGMNIRTIEE:; CatBoost: HKHIHETIA L, LightGBM : R b T
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R2 BRI 5 Stacking HERIRYHEBEELER (7 + 5)
Table 2. Performance comparison of individual models and the stacking model (x + s)

il Recall Fl-score AUC

LR 0.818 2 + 0.098 0.821 2 +0.098 0.866 7 + 0.067
KNN 0.818 2 + 0.098 0.818 2 + 0.098 0.8571+0.014
DT 0.636 4 +0.016 0.642 4 +0.018 0.758 5+ 0.017
SVM 0.909 1 + 0.022 09106 +0.014 0.900 0 +0.013
RF 0.727 3 £ 0.011 0.7319 £ 0.015 0.857 1 +£0.016
GBDT 0.690 3 + 0.020 0.818 2 + 0.021 0.821 4 +0.027
AdaBoost 0.909 1 + 0.096 0.910 6 + 0.053 0.816 7 + 0.021
CatBoost 0.727 3 £ 0.014 0.7319 £ 0.015 0.8929 +0.022
XGBoost 0.760 0 + 0.023 0.760 0 + 0.023 0.821 4 + 0.021
LightGBM 0.636 4 + 0.060 0.694 9 + 0.077 0.600 0 + 0.011
CNN 0.714 3 £ 0.024 0.5952 +0.013 0.800 0 + 0.011
Transformer 0.833 3 +0.025 0.757 6 £ 0.025 0.909 5 +0.012
Stacking 0.9545 +0.011 0.9559 + 0.009 0.948 2 + 0.020
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Table 3. Annotation information and functional description of PF candidate key genes
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